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Abstract 

A brief overview of flavour-symmetry strategies to extract the angle 7 of the 
unitarity triangle is given, focusing on B — > -kK modes and the — > -k + it~ , 
B s —>■ K + K~ system. We discuss also a variant of the latter approach for the 
e + e~ S-factories, where B s — > K + K~ is replaced by B& — > 7r =F K ± . 



1 INTRODUCTION 

An important element in the testing of the Kobayashi-Maskawa picture of CP violation is the direct 
determination of the angle 7 of the unitarity triangle of the CKM matrix. Here the goal is to overconstrain 
this angle as much as possible. In the presence of new physics, discrepancies may arise between different 
strategies, as well as with the "indirect" results for 7 that are provided by the usual fits of the unitarity 
triangle, yielding at present 7 ~ 60° P]. 

There are many approaches on the market to determine 7 (for a detailed review, see Ref. [§]). Here 
we shall focus on B — > irK modes [||]-[[l4|], which can be analysed through flavour-symmetry arguments 
and plausible dynamical assumptions, and the [/-spin-related decays B^ — » 7r + 7r~, B s — * K + K~ 
[fill]. The corresponding flavour-symmetry strategies allow the determination of 7 and valuable hadronic 
parameters with a "minimal" theoretical input. Alternative approaches, relying on a more extensive use of 



theory, are provided by the recently developed "QCD factorization" [ ]16| ] and "PQCD" Q17[ ] approaches, 
which allow furthermore a reduction of the theoretical uncertainties of the flavour-symmetry strategies 
discussed here. Let us note that these approaches are also particularly promising from a practical point of 
view: BaBar, Belle and CLEO-III may probe 7 through B — » ttK modes, whereas the [/-spin strategy, 
requiring also a measurement of the S s -meson decay B s — » K + K~ , is already interesting for run II of 



the Tevatron [|18[], and can be fully exploited in the LHC era []19[]. A variant for the B-factories 
where B s — ► K + K~ is replaced by B^ — > ir^K^, points already to an exciting picture [|]]]. 



2 B —*■ ttK DECAYS 

Using the isospin flavour symmetry of strong interactions, relations between B — » ttK amplitudes can 
be derived, which suggest the following combinations to probe 7: the "mixed" B ± — » ir^K, 1?^ — > 
[01, the "charged" 5 ± -» 7r ± J fsT, S ± 



tt ^ system [g|-[101, and the "neutral" 



tt~^K system 

— > 7r°i^, Bd — > n^K^ 1 system [1C, 11]. Interestingly, already CP-averaged B — ► 7ri^ branching 
ratios may lead to non-trivial constraints on 7 [§, §]. In order to determine this angle, also CP- violating 
rate differences have to be measured. To this end, we introduce the following observables [[K]] : 




BR(S2 -» n~K+) ± BR(B® -» vr+K") 
BR(£+ -» vr+if ) + BR(5- -» 



BR(5+ -» vr ^) ± BR(B- -» vr ^- 



a 



BR(5+ 



» vr+K°) + BR(B- -» 7r~.Fr ) 
■K-K+) ± BR(5° -» TT+if-)' 



vr ^ ) + BR(5° 



(1) 



(2) 



(3) 



If we employ the isospin flavour symmetry and make plausible dynamical assumptions, concern- 
ing mainly the smallness of certain rescattering processes, we obtain parametrizations of the following 



structure [0, [T(J (for alternative ones, see Ref. 

R( c ,n) , ^o' n) = functions (g (c>n) , r (c>n) , S^ n) , 7) . (4) 

Here f/( c ,n) denotes the ratio of electroweak (EW) penguins to "trees", r^ c ^ is the ratio of "trees" to QCD 
penguins, and <5( C)n ) the strong phase between "trees" and QCD penguins. The EW penguin parameters 
g( c n ) can be fixed through theoretical arguments: in the mixed system @]-[§|, we have q rs 0, as EW 
penguins contribute only in colour-suppressed form; in the charged and neutral B — > ttK systems, q c 



and q n can be fixed through the SU (3) flavour symmetry without dynamical assumptions py-plO. The 
rf c n \ can be determined with the help of additional experimental information: in the mixed system, r can 
be fixed through arguments based on factorization [|], |6[ |16|] or U -spin [p2|], whereas r c and r n can be de- 
termined from the CP-averaged —> 7r ± 7r° branching ratio by using only the SU (3) flavour symmetry 
[pl|8|]. The uncertainties arising in this programme from S'C/(3)-breaking effects can be reduced through 



the QCD factorization approach [|16|], which is moreover in favour of small rescattering processes. For 
simplicity, we shall neglect such FSI effects in the discussion given below. 

Since we are in a position to fix the parameters g( CjI1 ) and 77 Cjll \, we may determine <5( Cjn ) and 
7 from the observables given in (|]). This can be done separately for the mixed, charged and neutral 
B — > ttK systems. It should be emphasized that also CP-violating rate differences have to be measured 
to this end. Using just the CP-conserving observables -R( Cjn ), we may obtain interesting constraints on 7. 
In contrast to q( c ,n) an d r ( c ,n)> tne strong phase 5( c , n ) suffers from large hadronic uncertainties. However, 
we can get rid of 5( Cjn ) by keeping it as a "free" variable, yielding minimal and maximal values for Rr c n )'- 

R tc% , = function (g (Cjll) , r (C)Il) , 7) . (5) 

(c,n) 

Keeping in addition r( c n ) as a free variable, we obtain another - less restrictive - minimal value 

function (g (C)I1 ) , 7) sin 2 7. (6) 



pmm 



"(c,n)i<5(c,n) 



These extremal values of R( c ,n) imply constraints on 7, since the cases corresponding to RT^\ < R™™) 
and i?? xp v > Rf^, are excluded. Present experimental data seem to point towards values for 7 that are 
larger than 90°, which would be in conflict with the CKM fits, favouring 7 ~ 60° pJJ] . Unfortunately, 
the present experimental uncertainties do not yet allow us to draw definite conclusions, but the picture 
should improve significantly in the future. 

An efficient way to represent the situation in the B — > ttK system is provided by allowed regions 
in the R^^-A'q'^ planes [|l2|, 21], which can be derived within the Standard Model and allow a direct 
comparison with the experimental data. A complementary analysis in terms of 7 and 6 c>n was performed 
in Ref. [[TJ|]. Another recent B — > irK study can be found in Ref. [|l4]], where the jR/ c \ were calculated 

for given values of A$ as functions of 7, and were compared with the 5-factory data. In order to analyse 



B — > ttK modes, also certain sum rules may be useful 
3 THE B d -> 7T+7T-, B s -> K+K~ SYSTEM 

As can be seen from the corresponding Feynman diagrams, B s — >• K + K~ is related to Bd — > 7r + 7r" 



through an interchange of all down and strange quarks. The decay amplitudes read as follows Q15Q 

(l-\ 2 



A{B° d ^ 7T+7T-) oc e^-de ie , A(B° S ^K + K 



X 2 



(V) 



where the CP-conserving strong amplitudes de ld and d'e ld measure, sloppily speaking, ratios of penguin 
to tree amplitudes in B® — > tt + it~ and B® — > K + K~, respectively. Using these general parametriza- 
tions, we obtain expressions for the direct and mixing-induced CP asymmetries of the following kind: 

Acp(B d -> tt+tO = function(d,6»,7), Acp(B d vr+vr") = function (d, 0, 7, (f> d = 2(3) (8) 



Acp(B s -» K + K~) = function (d', 9', 7), A^(B S -» K + K~) = f unction ( d', 0', 7, c/> s « 0). (9) 

Consequently, we have four observables at our disposal, depending on six "unknowns". However, 
since Bd — ► 7r + 7r~ and -B s — ► K + K~ are related to each other by interchanging all down and strange 
quarks, the U -spin flavour symmetry of strong interactions implies 

d'e ie '=de ie . (10) 

Using this relation, the four observables in (||,^) depend on the four quantities d, 9, (fid = 2(3 and 7, which 



can hence be determined [|15|]. The theoretical accuracy is only limited by the [/-spin symmetry, as no 
dynamical assumptions about rescattering processes have to be made. Theoretical considerations give us 
confidence into (|l0|), as it does not receive [/-spin-breaking corrections in factorization [jl^]. Moreover, 



we may also obtain experimental insights into [/-spin breaking [15, 24]. 

The [/-spin arguments can be minimized, if the B®-B^ mixing phase (fid = 2/3, which can 
be fixed through Bd — » J/ifjKs, is used as an input. The observables A^p(Bd — > tt + it~) and 
^tjgP^-Bd — > 7r + 7r~) allow us then to eliminate the strong phase and to determine d as a function 
of 7. Analogously, ^4, C p(i? s — > K + K~) and ^l™p x (i? s — > K + K~) allow us to eliminate the strong 
phase 9' and to determine d' as a function of 7. The corresponding contours in the 7-d and 7-d' planes 
can be fixed in a theoretically clean way. Using now the [/-spin relation d' = c£, these contours allow the 
determination both of the CKM angle 7 and of the hadronic quantities d, 9, 9'; for a detailed illustration, 



see Ref. []15J. This approach is very promising for run II of the Tevatron and the experiments of the LHC 



era, where experimental accuracies for 7 of 0(10°) [18] and 0(1°) [19] may be achieved, respectively. 
It should be emphasized that not only 7, but also the hadronic parameters d, 9, 9' are of particular inter- 
est, as they can be compared with theoretical predictions, thereby allowing valuable insights into hadron 



dynamics. For other recently developed [/-spin strategies, the reader is referred to Refs. Q22|,|25|]. 



4 THE B d -» 7T+7T-, B d -> ir^K* 1 SYSTEM AND IMPLICATIONS FOR B s -s- K K 



A variant of the Bd — > tt + tt~, B s — > K + K~ approach was developed for the e + e~ £?-factories 
where B s — > K + K~ is not accessible: as B s —> K + K~ and Bd — > tt t K^ are related to each other 
through an interchange of the s and d spectator quarks, we may replace the B s mode approximately 
through its Bd counterpart, which has already been observed by BaBar, Belle and CLEO. Following 
these lines and using experimental information on the CP-averag ed B d -> vr^K ± and B d 
branching ratios, the relevant hadronic penguin parameters can be constrained, implying certain allowed 



regions in observable space []21[]. An interesting situation arises now in view of the recent i?-factory 
measurements of CP violation in Bd — > tt + tt~, allowing us to obtain new constraints on 7 as a function 
of the B^-B® mixing phase fa, which is fixed through A™^{Bd — > J/ipKs) up to a twofold ambiguity, 
4>d ~ 51° or 129°. If we assume that AQp(Bd — > tt + it~) is positive, as indicated by recent Belle 
data, and that (f>d is in agreement with the "indirect" fits of the unitarity triangle, i.e. <pd ~ 51°, also the 
corresponding values for 7 around 60° can be accommodated. On the other hand, for the second solution 
(fid ~ 129°, we obtain a gap around 7 ~ 60°, and could easily accommodate values for 7 larger than 
90°. Because of the connection between the two solutions for (fid and the resulting values for 7, it is 
very desirable to resolve the twofold ambiguity in the extraction of (fid directly. As far as B s — > K + K~ 
is concerned, the data on the CP-averaged Bd — > it + it~, Bd — » ir^K^ branching ratios imply a very 
constrained allowed region in the space of A^ P X (B S -> K+K-) and A$p(B s -» K+K~) within the 
Standard Model, thereby providing a narrow target range for run II of the Tevatron and the experiments 



of the LHC era [21]. Other recent studies related to Bd — > vr + 7r can be found in Refs. [14, 26] 
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